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ObjectivesObjectives

For students to have a better understanding of For students to have a better understanding of 
model stability problems.model stability problems.

To become familiar with the available parameters To become familiar with the available parameters 
and techniques within HECand techniques within HEC--RAS that will allow RAS that will allow 
you to develop a stable and accurate model.you to develop a stable and accurate model.

To learn how to detect, find, and fix model To learn how to detect, find, and fix model 
stability problems.stability problems.
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OverviewOverview
Model Accuracy and StabilityModel Accuracy and Stability
Factors Affecting Model StabilityFactors Affecting Model Stability

Cross section spacingCross section spacing
Computational time step selectionComputational time step selection
Theta weighting factorTheta weighting factor
Calculation tolerances and iterationsCalculation tolerances and iterations
Lateral Structures/weirs Lateral Structures/weirs 
ManningManning’’s n valuess n values
Initial/Low flow conditionsInitial/Low flow conditions
Steep Streams/Mixed Flow regimeSteep Streams/Mixed Flow regime
Drops in the bed profileDrops in the bed profile
Bridge/CulvertsBridge/Culverts
Cross section geometry and table propertiesCross section geometry and table properties
Breach characteristicsBreach characteristics

Detecting and fixing Stability ProblemsDetecting and fixing Stability Problems
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Model AccuracyModel Accuracy

Accuracy can be defined as the degree of closeness of the Accuracy can be defined as the degree of closeness of the 
numerical solution to the true solution.numerical solution to the true solution.

Accuracy depends upon the following:Accuracy depends upon the following:
Assumptions and limitations of the model (i.e. one dimensional Assumptions and limitations of the model (i.e. one dimensional 
model, single water surface, etcmodel, single water surface, etc……))
Accuracy of the geometric Data (cross sections, ManningAccuracy of the geometric Data (cross sections, Manning’’s n s n 
values, bridges, culverts, etcvalues, bridges, culverts, etc……))
Accuracy of the flow data and boundary conditionsAccuracy of the flow data and boundary conditions
Numerical Accuracy of the solution schemeNumerical Accuracy of the solution scheme
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Numerical AccuracyNumerical Accuracy

If we assume that the 1If we assume that the 1--dimensional unsteady flow dimensional unsteady flow 
equations are a true representation of flow moving through equations are a true representation of flow moving through 
a river system.  Then only an analytical solution of these a river system.  Then only an analytical solution of these 
equations will yield an exact solution.equations will yield an exact solution.

Finite difference solutions are approximate. Finite difference solutions are approximate. 

An exact solution of the equations is not feasible for An exact solution of the equations is not feasible for 
complex river systems, so HECcomplex river systems, so HEC--RAS uses a finite RAS uses a finite 
difference scheme.difference scheme.
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Model StabilityModel Stability

An unstable numerical model is one for which An unstable numerical model is one for which 
certain types of numerical errors grow to the extent certain types of numerical errors grow to the extent 
at which the solution begins to oscillate, or the errors at which the solution begins to oscillate, or the errors 
become so large that the computations can not become so large that the computations can not 
continue.continue.
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Developing a stable model is a common problem when working with an unsteady flow model of 
any size or complexity.   Modeling a dam break flood wave is one of the most difficult unsteady 
flow problems to model.
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Cross Section Spacing
Cross sections placed to far 
apart can cause numerical 
damping of the flood wave 
(to low of a peak flow 
downstream), and/or model 
instability.

Cross sections placed to 
close together can cause 
wave steepening and model 
instability on the rising side 
of the flood wave.
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Not enough cross sections:  When cross sections are spaced far apart, and the changes in 
hydraulic properties are great, the solution can become unstable.   In general, cross sections 
spaced too far apart will cause additional numerical diffusion, due to the derivatives with 
respect to distance being averaged over to long of a distance.  Also, if the distance between 
cross sections is so great, such that the Courant number would be much greater than 1.0, then 
the model may also become unstable.

Cross Sections too Close. If the cross sections are too close together, then the derivatives with 
respect to distance may be overestimated, especially on the rising side of the flood wave.  This 
can cause the leading edge of the flood wave to over steepen, to the point at which the model 
may become unstable.
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XS Spacing XS Spacing 
Maximum and MinimumMaximum and Minimum
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Dr. Fread’s Equation: Samuals Equation:

Where: Δx = Cross section spacing (feet)

Tr = Time of rise of the main flood wave (seconds)

c = Wave speed of the flood wave (ft/s)

D = Average bank full depth of the channel (ft)

S0 = Average bed slope (ft/ft).

Use Dr. Fread’s and Samuals equations as a guide for maximum spacing.

Minimum spacing for a dam break model should be in the range of 50 to 100 ft.

One of the first steps in stabilizing a dam breach model is to apply the correct cross section 
spacing.  Fread’s equation and Samuel’s equations are good starting points.  Samuels equation 
is a little easier to use since you only have to estimate the depth and slope.  Frequently, bank 
full depth is used.  For Fread’s equation, although the time of rise of the hydrograph (Tr) is easy 
enough to determine, the wave speed (c) is a little more difficult to come by.   Once a cross 
section spacing is decided upon, apply it to the entire reach using the HEC-RAS cross section 
interpolation routines.  Make sure that the reach-wide method is applicable.  At areas of extreme 
contraction and expansion, at grade breaks, or in abnormally steep reaches, further localized 
interpolation may be necessary. 

Fread, D.L. (1988) (Revision 1991).  “The NWS DAMBRK Model.  Theoretical Background 
and User’s Documentation.” National Weather Service, Office of Hydrology, Silver Spring, 
Md.

Fread, D.L., Lewis, J.M. (1993).  “Selection of Dx and Dt Computational Steps for Four-Point 
Implicit Nonlinear Dynamic Routing Models” ASCE National Hydraulic Engineering 
Conference Proceedings, San Francisco, CA.

Samuels, P.G. (1989).  “Backwater lengths in rivers”, Proceedings -- Institution of Civil 
Engineers, Part 2, Research and Theory, 87, 571-582.
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Cross Section Interpolation

Apply the XS interpolation to 
ensure a maximum spacing is 
not exceeded.
At problem areas you may need 
to use tighter spacing:

Steep reaches
Transition zones
Grade breaks

In general, it is always better to use real cross sections rather than interpolated.  However, if 
acquiring more cross section data is not possible, then the cross section interpolation routines in 
HEC-RAS should be used to ensure that the cross section do not go over a maximum distance 
estimated from Samual’s, or Fread’s equation. 
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Computational Time StepComputational Time Step

To large a time step To large a time step 
will cause numerical will cause numerical 
diffusion (attenuation diffusion (attenuation 
of the peak) and also of the peak) and also 
model instability.model instability.
To small of a time step To small of a time step 
can also lead to model can also lead to model 
instability as well as instability as well as 
very long computation very long computation 
times.times.
For this example a 5 
sec time step caused 
the model to go 
unstable.
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Too large of a time step:  When the solution scheme solves the unsteady flow equations, 
derivatives are calculated with respect to distance and time.  If the changes in hydraulic 
properties at a give cross section are changing rapidly with respect to time, the program may go 
unstable.  The solution to this problem in general is to decrease the time step.  

Too Small of a Time Step.  If a time step is selected that is much smaller than what the 
Courant condition would dictate for a given flood wave, this can also cause model stability 
problems.  In general to small of a time step will cause the leading edge of the flood wave to 
steepen, possible to the point of oscillating and going unstable.
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Computational Time Step Computational Time Step --
continuedcontinued

0.1≤
Δ
Δ
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tVC wr

For most rivers, the flood wave velocity is calculated more 
accurately by:

dA
dQV w =

An approximate flood wave velocity can be calculated as:

VV w 2
3

=

Stability and accuracy can be achieved by selecting a time step Stability and accuracy can be achieved by selecting a time step 
that satisfies the Courant Condition :that satisfies the Courant Condition :

wV
xt Δ

≤Δ

Where: Vw = The flood wave speed, which is normally greater than the average velocity.
V = Average velocity of the flow
Δx = Distance between cross sections
Δt = computational time step
Q = flow rate
A = Flow area

User’s should pay close attention to the Courant condition for selecting the 
computational interval.
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Practical Time Step SelectionPractical Time Step Selection

For medium to large rivers the Courant condition For medium to large rivers the Courant condition 
may yield time steps that are to restrictive (i.e. a may yield time steps that are to restrictive (i.e. a 
larger time step could be used and still maintain larger time step could be used and still maintain 
accuracy and stability).accuracy and stability).
A practical time step is =A practical time step is =

Remember that for Remember that for DambreakDambreak models, typical time models, typical time 
steps are in the range of 1steps are in the range of 1-- 60 seconds due to the 60 seconds due to the 
very fast flood wave velocities..very fast flood wave velocities..

20
Trt ≤Δ

Where: Tr = Time of rise of the flood wave.
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Theta Weighting FactorTheta Weighting Factor

Theta is a weighting applied to the Theta is a weighting applied to the 
finite difference approximations finite difference approximations 
when solving the unsteady flow when solving the unsteady flow 
equations.equations.
Theoretically Theta can vary from 0.5 Theoretically Theta can vary from 0.5 
to 1.0.  However a practical limit is to 1.0.  However a practical limit is 
from 0.6 to 1.0from 0.6 to 1.0
Theta of 1.0 provides the most Theta of 1.0 provides the most 
stability.  Theta of 0.6 provides the stability.  Theta of 0.6 provides the 
most accuracy.most accuracy.
The default in HECThe default in HEC--RAS is 1.0.  RAS is 1.0.  
Once you have your model Once you have your model 
developed, try to reduce theta developed, try to reduce theta 
towards 0.6, as long as the model towards 0.6, as long as the model 
stays stable.stays stable. 0300 0400 0500 0600
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Larger values of theta increase numerical diffusion, but, by how much?  Experience has shown 
that for short period waves that rapidly rise, theta of 1.0 can produce significant errors.  
However, these errors can be reduced by using smaller time steps.

When choosing theta, one must balance accuracy and computational robustness.  Larger values 
of theta produce a solution that is more robust, less prone to blowing up.  Smaller values of 
theta, while more accurate, tend to cause oscillations in the solution, which are amplified if 
there are large numbers of internal boundary conditions.  
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Calculation Options and TolerancesCalculation Options and Tolerances

ThetaTheta
Water surface/SA/flow toleranceWater surface/SA/flow tolerance
Maximum Number of IterationsMaximum Number of Iterations
Warm up: duration and time stepWarm up: duration and time step
Time slicingTime slicing
Lateral/Inline Structure StabilityLateral/Inline Structure Stability
Weir/Gate flow submergenceWeir/Gate flow submergence

Water Surface, Storage Area, and Flow Tolerances:  Three solution tolerances can be set or changed 
by the user:  Water surface calculation (0.02 default);  Storage area elevation (0.05 default); and Flow 
calculation (Default is that it is not used).  The default values should be good for most river systems.  Only 
change them if you are sure!!!
Making the tolerances larger can reduce the stability of the solution.  Making them smaller can cause the 
program to go to the maximum number of iterations every time.
Maximum Number of Iterations: At each time step derivatives are estimated and the equations are 
solved.  All of the computation nodes are then checked for numerical error.  If the error is greater than the 
allowable tolerances, the program will iterate.  The default number of iterations in HEC-RAS is set to 20.  
Iteration will generally improve the solution.  This is especially true when your model has lateral weirs and 
storage areas.
Warm up time step and duration: The user can instruct the program to run a number of iterations at the 
beginning of the simulation in which all inflows are held constant.  This is called the warm up period.  The 
default is not to perform a warm up period, but the user can specify a number of time steps to use for the 
warm up period.  The user can also specify a specific time step to use (default is to use the user selected 
computation interval).  The warm up period does not advance the simulation in time, it is generally used 
to allow the unsteady flow equations to establish a stable flow and stage before proceeding with the 
computations.
Time Slicing: The user can control the maximum number of time slices and the minimum time step used 
during time slicing.  There are two ways to invoke time slicing: rate of change of an inflow hydrograph or 
when a maximum number of iterations is reached.
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Inline/Lateral Structure Inline/Lateral Structure 
Stability IssuesStability Issues

Long and flat lateral weirs can often Long and flat lateral weirs can often 
be a source of model instability.be a source of model instability.

Small change in stage in the river results Small change in stage in the river results 
in big change in flow going out the lateral in big change in flow going out the lateral 
structurestructure
Flow is assumed to be constant over the Flow is assumed to be constant over the 
time steptime step

Solutions:Solutions:
Reduce the computation intervalReduce the computation interval
Put a small slope on the lateral weirPut a small slope on the lateral weir
Use lateral structure stability factorsUse lateral structure stability factors

Opening and Closing Gates QuicklyOpening and Closing Gates Quickly
Reduce the computational time stepReduce the computational time step
Open and close gates slowerOpen and close gates slower

5.3

5.2

5.1

Main
Channel

Lateral
Weir

Inline and Lateral Structures can often be a source of instability in the solution.  Especially lateral 
structures, which take flow away or bring it into the main river.  During each time step, the flow over a 
weir/spillway is assumed to be constant.  This can cause oscillations by sending too much flow during a 
time step.  One solution is to reduce the time step.  Another solution is to use Inline and Lateral Structure 
stability factors, which can smooth these oscillations by damping the computed flows.  However, using 
these stability factors can reduce the accuracy of the computed values.  The Inline and Lateral Structure 
stability factors can range from 1.0 to 3.0.  The default value of 1.0 is essentially no damping of the 
computed flows.  As you increase the factor you get greater dampening of the flows (which will provide 
for greater stability), but less accuracy.
Long and flat Lateral Weirs/Spillways:  during the computations there will be a point at which for one 
time step no flow is going over the lateral weir, and then the very next time step there is.  If the water 
surface is rising rapidly, and the weir is wide and flat, the first time the water surface goes above the weir 
could result in a very large flow being computed (i.e. it does not take a large depth above the weir to 
produce are large flow if it is very wide and flat). This can result in a great decrease in stage from the 
main river, which in turn causes the solution to oscillate and possible go unstable.  This is also a common 
problem when having large flat weirs between storage areas.  The solution to this problem is to use 
smaller computational time steps, and/or weir/spillway stability factors.
Opening gated spillways to quickly:  When you have a gated structure in the system, and you open it 
quickly, if the flow coming out of that structure is a significant percentage of the flow in the receiving 
body of water, then the resulting stage, area and velocity will increase very quickly.  This abrupt change 
in the hydraulic properties can lead to instabilities in the solution.  To solve this problem you should use 
smaller computational time steps, or open the gate a littler slower, or both if necessary.



L - Common Model Stability Problems for Dam Break Analysis/Brunner 16

16Hydrologic Engineering Center

Weir/Gate Submergence Weir/Gate Submergence 
ExponentsExponents
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0

0.2

0.4

0.6

0.8

1

1.2

0.75 0.8 0.85 0.9 0.95 1

Degree of Submergence

Fl
ow

 R
ed

uc
tio

n 
A

m
ou

nt

Normal Curve
1.3 Factor
1.5 Factor
2.0 Factor
3.0 Factor

To reduce the oscillations, the user can increase the Weir/Gate Submergence decay exponent.  
This factor can vary from 1.0 to 3.0.  A factor of 1.0 leaves the submergence criteria in its 
original form.  Using a factor greater than one causes the program to use larger submergence 
factors earlier, and makes the submergence curve less steep at high degrees of submergence.  A 
plot of the submergence curves for various factors is shown in the Figure above.
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ManningManning’’s n Valuess n Values

ManningManning’’s n values that are too s n values that are too 
low can cause model instabilitylow can cause model instability

Lower depthsLower depths
Higher velocitiesHigher velocities
Supercritical flowSupercritical flow
Flow transitionsFlow transitions

ManningManning’’s n values that are too s n values that are too 
high will locally increase stage high will locally increase stage 
and attenuate the hydrograph and attenuate the hydrograph 
more as it moves downstreammore as it moves downstream
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Manning’s n values can also be a source of model instability.  Manning’s n values that are too 
low, will cause shallower depths of water, higher velocities, and possibly even supercritical 
flows.  This is especially critical in steep streams, where the velocities will already be high.  
User’s should check there estimated Manning’s n values closely in order to ensure reasonable 
values.  It is very common to underestimate Manning’s n values in steep streams.  Use Dr. 
Robert Jarrets equation for steep streams to check your main channel Manning’s n values.

Over estimating Manning’s n values will cause higher stages and more hydrograph attenuation 
than may be realistic.
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Low Flow ConditionsLow Flow Conditions

Low flows are often a source of model instabilityLow flows are often a source of model instability
Pools and riffles (flow passes through critical depth)Pools and riffles (flow passes through critical depth)
Very shallow depths (When flood wave starts the change in Very shallow depths (When flood wave starts the change in 
depth/velocity is very large, therefore derivatives are large)depth/velocity is very large, therefore derivatives are large)

SolutionsSolutions
Increase Base Flow of Hydrograph (change hydrographs directly orIncrease Base Flow of Hydrograph (change hydrographs directly or
use the use the QminQmin option on the hydrograph editor)option on the hydrograph editor)
Rule of thumb: Start with 1% of peak, donRule of thumb: Start with 1% of peak, don’’t exceed 10% of peakt exceed 10% of peak
Use a Use a ““Pilot ChannelPilot Channel”” to smooth our bed irregularities and provide to smooth our bed irregularities and provide 
some artificial depth.some artificial depth.

If any portion of an inflow hydrograph is so low that it causes the stream to go through a pool 
and riffle sequence, it may be necessary to increase the base flow.  The minimum flow value 
must be small enough that it is negligible when compared to the peak of the flood wave.  A 
good rule of thumb is to start with a minimum flow equal to about 1 % of the peak flood (inflow 
hydrograph, or dam breach flood wave) and increase as necessary to 10%.  If more than 10% is 
needed, then the problem is probably from something else.  

Very shallow depths of water:  When starting a simulation it is very common to start the 
system at low flows.  If you have some cross sections that are fairly wide, the depth will be very 
small.  As flow begins to come into the river, the water surface will change quickly.  The 
leading edge of the flood wave will have a very steep slope.  Sometimes this steep slope will 
cause the solution to reduce the depth even further downstream of the rise in the water surface, 
possible even producing a negative depth.  This is do to the fact that the steep slope gets 
projected to the next cross section downstream when trying to solve for its water surface.  The 
best solution to this problem is to use what is called a pilot channel.  A pilot channel is a small 
slot at the bottom of the cross section, which gives the cross section a greater depth, without 
adding much flow area.  This allows the program to compute shallow depths on the leading 
edge of the flood wave without going unstable.  Another solution to this problem is to use a 
larger base flow at the beginning of the simulation.
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Initial ConditionsInitial Conditions

Initial condition flows need to be Initial condition flows need to be 
consistent with boundary consistent with boundary 
condition flows at time zero.condition flows at time zero.

If If dendriticdendritic system system –– can leave can leave 
initial condition flows blank.initial condition flows blank.

Initial Reservoir elevations need Initial Reservoir elevations need 
to be consistent with initial flows to be consistent with initial flows 
and gate settings used.and gate settings used.
Too low of, or inconsistent, Too low of, or inconsistent, 
initial conditions flow can often initial conditions flow can often 
cause the model to blow up right cause the model to blow up right 
at the start of the simulationat the start of the simulation

Make sure that the initial conditions flow is consistent with the first time step flow, or minimum 
flow value, which ever is greater.  User’s must also pay close attention to initial gate settings for 
the reservoir, and the initial stage of the pool in the reservoir.  The initial condition flow values 
must be consistent with all inflow hydrographs, as well as the initial flows coming out of the 
reservoir.

Flows entered on the initial conditions tab are used for calculating stages in the river system 
based on steady flow backwater calculations.  If these flows and stages are inconsistent with the 
initial flows in the hydrographs, and coming out of the reservoir, then the model may have 
computational stability problems at the very beginning of the unsteady flow computations.
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Steep Streams and Mixed Flow RegimeSteep Streams and Mixed Flow Regime

Higher velocities and rapid changes in depth and velocity are moHigher velocities and rapid changes in depth and velocity are more re 
difficult to model and keep a stable solution.difficult to model and keep a stable solution.
As Froude number approaches 1.0 (critical depth), the inertial tAs Froude number approaches 1.0 (critical depth), the inertial terms erms 
of the St. of the St. VenantVenant equations and their derivatives tend to cause model equations and their derivatives tend to cause model 
instabilities.instabilities.
Model goes to critical depth Model goes to critical depth –– RAS is limited to RAS is limited to subcritcalsubcritcal flow for flow for 
unsteady flow simulations, unless you turn on the mixed flow optunsteady flow simulations, unless you turn on the mixed flow option.ion.
Solutions:Solutions:

Higher n values (n values often under estimated in steep streamsHigher n values (n values often under estimated in steep streams))
Increase base flow of hydrographs and initial condition flowsIncrease base flow of hydrographs and initial condition flows
Try turning on the Mixed Flow regime optionTry turning on the Mixed Flow regime option

Model goes to critical depth:  The default solution methodology for unsteady flow routing 
within HEC-RAS is generally for subcritcal flow.  However, the software does have an option 
to run in a mixed flow regime mode.  However, this option should not be used unless you truly 
believe you have a mixed flow regime river system.  If you are running the software in the 
default mode (subcritical only, no mixed flow), and if the program goes down to critical depth 
at a cross section, the changes in area, depth, and velocity are very high.  This sharp increase in 
the water surface slope will often cause the program to overestimate the depth at the next cross 
section upstream, and possible underestimate the depth at the next cross section downstream (or 
even the one that went to critical depth the previous time step).  One solution to this problem is 
to increase the Manning’s n value in the area where the program is first going to critical depth.  
This will force the solution to a subcritical answer and allow it to continue with the run. If you 
feel that the true water surface should go to critical depth, or even to a supercritical flow regime, 
then the mixed flow regime option should be turned on.  Another solution is to increase the base 
flow in the hydrographs, as well as the base flows used for computing the initial conditions.  
Increased base flow will often dampen out any water surfaces going towards or through critical 
depth due to low flows.
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Mixed Flow Regime Option for Mixed Flow Regime Option for 
Unsteady FlowUnsteady Flow

HEC-RAS uses the Local Partial Inertia 
technique to model mixed flow regimes.

User’s can adjust the LPI parameters

In order to solve the stability problem for a mixed flow regime system, Dr. Danny Fread (Fread, 
1986) developed a methodology called the “Local Partial Inertia Technique.” The LPI method 
has been adapted to HEC-RAS as an option for solving mixed flow regime problems when 
using the unsteady flow analysis portion of HEC-RAS.  This methodology applies a reduction 
factor to the two inertia terms in the momentum equation as the Froude number goes towards 
1.0. 
The default values for the equation are FT = 1.0 (Froude Number Threshold) and m = 10 
(exponent).  When the Froude number is greater than the threshold value, the factor is set to 
zero.  The user can change both the Froude number threshold and the exponent.  As you 
increase the value of both the threshold and the exponent, you decrease stability but increase 
accuracy.  As you decrease the value of the threshold and/or the exponent, you increase stability 
but decrease accuracy.  To change either the threshold or the exponent, select Mixed Flow 
Options from the Options menu of the Unsteady Flow Analysis window. 



L - Common Model Stability Problems for Dam Break Analysis/Brunner 22

22Hydrologic Engineering Center

Drops In The Bed ProfileDrops In The Bed Profile
Significant drops in the elevation Significant drops in the elevation 
of the channel bed can cause of the channel bed can cause 
flow to pass through critical flow to pass through critical 
depth and results in an unstable depth and results in an unstable 
model solution.model solution.
Solutions:Solutions:

Use an Inline Weir to model Use an Inline Weir to model 
dropdrop
Increase Base FlowIncrease Base Flow
more cross sections and turn more cross sections and turn 
on mixed flow regime optionon mixed flow regime option
Rating curve for cross Rating curve for cross 
section at top of the dropsection at top of the drop
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Significant drops in the bed profile can also be a source of model stability problems, especially 
at low flows.  If the drop is very small, then usually an increase in baseflow will drowned out 
the drop, thus preventing the model from passing through critical depth.  If the drop is 
significant, then it should be modeled with an inline structure using a weir.  This will allow the 
model to use a weir equation for calculating the upstream water surface for a given flow, rather 
than using the unsteady flow equations.  This produces a much more stable model, as the 
program does not have to model the flow passing through critical depth with the unsteady flow 
equations.  HEC-RAS automatically handles submergence on the weir, so this is not a problem.
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Bridges and CulvertsBridges and Culverts

It is very common to have rapid changes in depth and It is very common to have rapid changes in depth and 
velocity at Bridges and Culverts, however this can be a velocity at Bridges and Culverts, however this can be a 
source of model instabilitysource of model instability
As flow transitions from low flow to pressure flow at As flow transitions from low flow to pressure flow at 
the structure the water surface upstream will jump up the structure the water surface upstream will jump up 
very quickly.very quickly.
HECHEC--RAS preRAS pre--processes bridges/culverts into a family processes bridges/culverts into a family 
of curves (tailwater/headwater of curves (tailwater/headwater vsvs flow).  Common flow).  Common 
Problems with the curves are:Problems with the curves are:

Curve extents not high enough (change default extents)Curve extents not high enough (change default extents)
Abrupt transitions in curves (adjust bridge parameters or use Abrupt transitions in curves (adjust bridge parameters or use 
smaller smaller ΔΔT)T)

Bridge/Culvert crossings can be a common source of model stability problems when performing 
a Dam Break analysis.  Many bridges will be overtopped during such an event.  Many of those 
bridges may in fact be washed out during such an event.  Common problems at bridges/culverts 
are the extreme rapid rise in stages when flow hits the low chord of the bridge deck or the top of 
the culvert.  Modelers need to check the computed curves closely and make sure they are 
reasonable.  One solution to this problem is to use smaller time steps, such that the rate of rise in 
the water surface is smaller for a given time step.  Modelers may also need to change hydraulic 
coefficients to get curves that have more reasonable transitions.

An additional problem is when the curves do not go high enough, and the program extrapolates 
from the last two points in the curve.  This extrapolation can cause problems when it is not 
consistent with the cross section geometry upstream and downstream of the structure.  
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Bridge/Culvert Family of CurvesBridge/Culvert Family of Curves

Bridge/Culvert Family of rating curves: The program creates a family of rating curves to 
define all the possible headwater, tailwater, and flow combinations that can occur at a particular 
structure. The user can control how many submerged curves get calculated (default = 50), how 
many points in each curve (default = 20), and the properties used to define the limits of the 
curves (maximum headwater, maximum tailwater, maximum flow, and maximum head 
difference).  By default, the software will take the curves up to an elevation equal to the highest 
point in the cross section just upstream of the structure.  This may lead to curves that are too 
spread out and go up to a flow rate that is way beyond anything realistic for that structure.  
These type of problems can be reduced by putting in specific table limits for maximum 
headwater, tailwater, flow, and head difference.
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Convert Energy Bridges to Cross Convert Energy Bridges to Cross 
Sections with LidsSections with Lids

HECHEC--RAS has on option to RAS has on option to 
model a bridge as normal cross model a bridge as normal cross 
sections with a lid instead of the sections with a lid instead of the 
family of curves.family of curves.

Good option when Good option when 
bridge/embankment are a small bridge/embankment are a small 
obstruction to flowobstruction to flow
Bad idea when depth/velocity Bad idea when depth/velocity 
will change rapidly through the will change rapidly through the 
bridge (Will often cause model to bridge (Will often cause model to 
blow up)blow up)

The option to convert bridges that have been modeled with the energy equation for low and high 
flow is a good option if the structure and the road embankment are a small obstruction to the 
flow.  If the flow will have to contract greatly inside of the structure, then modeling the bridge 
in this manner may lead to an unstable modeling solution through the structure.  If you have 
bridges and culverts that will cause the flow to contract greatly through the structure, and even 
if you have chosen to use the energy equation for low and high flow, computing a family of 
curves for the structure will produce a more stable model.  When the family of curves is used, 
the program does not solve the momentum and continuity equations inside of the structure, only 
outside of the structure.  The curves themselves are use to obtain a resulting headwater for a 
given flow and tailwater, without solving for the hydraulics inside of the structure.
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Cross Section Geometry and Cross Section Geometry and 
Table PropertiesTable Properties

Bad cross section properties, commonly caused by: levee Bad cross section properties, commonly caused by: levee 
options, ineffective flow areas, Manningoptions, ineffective flow areas, Manning’’s n values, etcs n values, etc……
Cross section properties that do not go high enough, or are Cross section properties that do not go high enough, or are 
way too high (curves are spread to far apart).way too high (curves are spread to far apart).
Not enough definition in the properties tables.Not enough definition in the properties tables.

Bad cross section properties:  All of the cross sections get converted to tables of hydraulic properties (elevation 
versus area, conveyance, and storage).  If the curves that represent these hydraulic properties have abrupt changes 
with small changes in elevation, this can also lead to instability problems.  This situation is commonly caused by: 
levees being overtopped with large areas behind them (since the model is one dimensional, it assumes that the 
water surface is the same all the way across the entire cross section); and ineffective flow areas with large amounts 
of storage areas that are turned on at one elevation, and then turn off at a slightly higher elevation (this makes the 
entire area now used as active conveyance area).  There are many possible solutions to these problems, but the 
basic solution is to not allow the hydraulic properties of a cross section to change so abruptly.  If you have a levee 
with are large amount of area behind it, model the area behind the levee separately from the cross section.  This can 
be done with either a storage area or another routing reach, whichever is most hydraulically correct for the flow 
going over the levee or if the levee breaches.  With large ineffective flow areas, the possible solutions are to model 
them as being permanently on, or to put very high Manning’s n values in the ineffective zones.
Cross section property tables that do not go high enough:  The program creates tables of elevation versus area, 
conveyance, and storage area for each of the cross sections.  These tables are used during the unsteady flow 
solution to make the calculations much faster.  By default, the program will create tables that extend up to the 
highest point in the cross section, however the user can override this and specify their own table properties 
(increment and number of points).  If during the solution the water surface goes above the highest elevation in the 
table, the program simply extrapolates the hydraulic properties from the last two points in the table.  This can lead 
to bad water surface elevations or even instabilities in the solution.
Not enough definition in cross section property tables:  The counter problem to the previous paragraph is when 
the cross section properties in a given table are spread too far apart, and do not adequately define the changes in the 
hydraulic properties.  Because the program uses straight-line interpolation between the points, this can lead to 
inaccurate solutions or even instabilities.  To reduce this problem, we have increased the allowable number of 
points in the tables to 100.
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Breach CharacteristicsBreach Characteristics

By default HECBy default HEC--RAS RAS 
uses a linear growth rate uses a linear growth rate 
for forming the breach.for forming the breach.
Rapid change in flow at Rapid change in flow at 
the beginning of the the beginning of the 
breach can cause breach can cause 
instabilityinstability
Try nonTry non--linear breach to linear breach to 
smooth out change in smooth out change in 
flow (Sine Wave or User flow (Sine Wave or User 
entered values)entered values)

If the user puts in a very large breach, over a very short period of time, and they use the linear 
breach growth rate, the model will have a very abrupt change in flow starting right at the 
beginning of the breaching process.  This rapid change in flow at the leading edge of the flood 
wave may cause an instability at the beginning of the breaching process, just downstream of the 
dam.  Some possible solutions to this are:
•Smaller time step
•Use the non-linear breach progression (sine wave or user entered)
•Increasing the overall breach time.
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Bad Downstream Boundary Bad Downstream Boundary 
ConditionsConditions

Rating curve with bad points or not high enoughRating curve with bad points or not high enough
Slope for normal depth to steepSlope for normal depth to steep
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Bad downstream boundary condition:  If the user entered downstream boundary condition causes abrupt jumps 
in the water surface, or water surface elevations that are too low (approaching or going below critical depth), this 
can cause oscillations in the solution that may lead to it going unstable and stopping.  Examples of this are rating 
curves with not enough points or just simply to low of stages for a given flow; and normal depth boundaries where 
the user has entered to steep of a slope for the energy gradeline.
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Detecting Stability ProblemsDetecting Stability Problems

How do you know you have a model stability problem?How do you know you have a model stability problem?
Program completely blows up during run.Program completely blows up during run.
Program says matrix solution went completely Program says matrix solution went completely 
unstable during the calculations.unstable during the calculations.
Computed error in water surface calc is very largeComputed error in water surface calc is very large
Program goes to maximum number of iterations for Program goes to maximum number of iterations for 
several time steps in a row, with large errors.several time steps in a row, with large errors.
Program has oscillations in the computed stage and Program has oscillations in the computed stage and 
flow hydrographs.flow hydrographs.
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Detecting Stability Problems Detecting Stability Problems --
ContinuedContinued

What do you do when this happens?What do you do when this happens?
Note the simulation time and location from the computation windoNote the simulation time and location from the computation window w 
when the program either blew up or first started to go to the mawhen the program either blew up or first started to go to the maximum ximum 
number of iterations with large water surface errors.number of iterations with large water surface errors.
Use the HECUse the HEC--RAS Profile and Cross Section Plots as well as the RAS Profile and Cross Section Plots as well as the 
Tabular Output to find the problem location and issue. Tabular Output to find the problem location and issue. 
If you can not find the problem using the normal HECIf you can not find the problem using the normal HEC--RAS output RAS output --
Turn on the Turn on the ““Detailed Output for DebuggingDetailed Output for Debugging”” option and reoption and re--run the run the 
program.  program.  
View the text file that contains the detailed log output of the View the text file that contains the detailed log output of the 
computations.  Locate the simulation output at the simulation ticomputations.  Locate the simulation output at the simulation time me 
when the solution first started to go bad.when the solution first started to go bad.
Find the river station locations that did not meet the solution Find the river station locations that did not meet the solution 
tolerances.  Then check the data in this general area.tolerances.  Then check the data in this general area.



L - Common Model Stability Problems for Dam Break Analysis/Brunner 31

31Hydrologic Engineering Center

Computation WindowComputation Window
First place to look for problemsFirst place to look for problems

When the maximum number of When the maximum number of 
iterations is reach, and solution error is iterations is reach, and solution error is 
greater than the predefined tolerance, greater than the predefined tolerance, 
the time step, river, reach, river station, the time step, river, reach, river station, 
water surface elevation and the amount water surface elevation and the amount 
of error is reported.of error is reported.

When the error increases too much, When the error increases too much, 
the solution will stop and say the solution will stop and say ““Matrix Matrix 
Solution FailedSolution Failed””..

Often the first RS to show up on the Often the first RS to show up on the 
window can give clues to the source of window can give clues to the source of 
instabilitiesinstabilities

The first place to look for instabilities and errors is the Computations Window 
during and just after the simulation is run.  The red progress bar indicates the model 
went unstable and could not complete the simulation.  The Computation Messages 
window provides a running dialog of what is happening in the simulation at a given 
time step in a given location.  This allows the user to watch errors propagate during 
the simulation.  Once the simulation has crashed, don’t close the Computations 
Window.  Instead, scroll up through the messages and try to determine where the 
propagation of errors began, and at what time. 
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Computation WindowComputation Window

Small errors are generally 
not problematic

Focus on larger 
compounding errors.

Try to find time and 
location when errors first 
begin to occur.

Sometimes the first error to occur is at the beginning of the simulation and is just a 
result of the model settling out after the transition from initial conditions to the first 
time step.  Particularly if the error only occurs once for that given river station.  It is 
better to focus on reoccurring errors or compounding errors first.  The example on 
this slide shows a relatively small error at river station 259106* that grows to 0.4 ft 
in the next few time steps.  
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Profile PlotProfile Plot

Great visual tool for finding problem areas.Great visual tool for finding problem areas.
Use the Use the ““AnimationAnimation”” option to look for obvious option to look for obvious 
instabilities.  Zoom in to get a closer look.instabilities.  Zoom in to get a closer look.
May need to refine the Detailed Output Interval May need to refine the Detailed Output Interval 
to see where and when the instability occurs.to see where and when the instability occurs.
When the first hints of an instability is revealed, When the first hints of an instability is revealed, 
click on that click on that ““nodenode”” and investigate further.and investigate further.

The profile plot is typically the first graphical tool to use to try to pinpoint 
instabilities.  Obvious errors are shown distinctly in this plot and you can see what 
is going on in the entire reach at the same time.  Stepping through each profile using 
the animation tool allows you to see changes over time, including the progression of 
the flood wave as well as propagation of errors.  The profile output is taken from the 
detailed output file.  Therefore, it is sometimes necessary to refine the detailed 
output interval to adequately see the beginning of instabilities.  The profile plot 
allows the user to click on a given node to determine its river stationing.  Find the 
node where the instability first occurs and investigate further.
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Profile Plot AnimationProfile Plot Animation

The above slide was an animation of the profile plot, showing the progression of a 
model instability problem.   The profile plot can assist you in locating where an 
instability is occurring and when.  You may need to zoom in to get a closer look.  
You may also need to set the Detailed Output Interval to a smaller value and re-
run the simulation in order to see what is happening at a finer time step increment. 
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Computation Level OutputComputation Level Output

Writes flow and stage at all Writes flow and stage at all 
locations to a separate file.locations to a separate file.
Tools available from the View Tools available from the View 
menu:menu:

Spatial Plots Spatial Plots 
profile profile 
schematicschematic

Time Series plotsTime Series plots
water surface, depth, flowwater surface, depth, flow
WS and flow errorsWS and flow errors

Warning: Can create large Warning: Can create large 
output files when used with output files when used with 
large data sets for long timeslarge data sets for long times

When performing an unsteady flow analysis the user can optionally turn on the ability to view 
output at the computation interval level.  This is accomplished by checking the box labeled 
Computation Level Output on the Unsteady Flow Analysis window (In the Computations 
Settings area on the window).  When this option is selected an additional binary file containing 
output at the computation interval is written out.  After the simulation the user can view 
computation level output by selecting either Unsteady Flow Spatial Plot or Unsteady Flow 
Time Series Plot from the View menu of the main HEC-RAS window. 
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Computation Level OutputComputation Level Output
Visualization ToolsVisualization Tools

Visualization of computation level output can be accomplished with either Spatial Plots or 
Time Series Plots.  From the Spatial Plots the user can view either a profile plot, a spatial plot 
of the schematic, or tabular output.  The user can select from a limited list of variables that are 
available at the computation level output.  These are water surface elevation (XS WSEl); Flow 
(XS Flow); computed maximum error in the water surface elevation (XS WSEL ERROR); 
computed maximum error in the flow (XS FLOW ERROR); and maximum depth of water in 
the channel (DEPTH).  Each of the plots can be animated in time by using the video player 
buttons at the top right of the window.  This type of output can often be very useful in 
debugging problems within an unsteady flow run.  Especially plotting the water surface error 
and animating it in time.
The other type of plot available at the computation interval output level is the Unsteady Flow 
Time Series Plot.  When this option is selected the user will get a plot as shown in the Figure 
above. Some of the same options and variables are available for the Time Series Plots as were 
available for the Spatial Plots.
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Cross Section PlotCross Section Plot

Can help spot isolated Can help spot isolated 
problems such as:problems such as:

Incorrect Bank Station locationsIncorrect Bank Station locations
Bad ManningBad Manning’’s n Values s n Values 
Bad StationBad Station--elevation pointselevation points

Can help spot transition Can help spot transition 
problemsproblems

Contraction/Expansion AreasContraction/Expansion Areas
Ineffective Flow AreasIneffective Flow Areas
LeveesLevees

Once a location for an instability is determined on the profile plot, the cross section 
plot can be used to investigate the cause of the instability.  The cross section plot 
will show isolated problems such as incorrectly placed bank stations, poor n-values, 
and bad station-elevation data.  In addition, scrolling through its neighboring cross 
sections can give you an idea of transition problems like contractions and 
expansions that occur to abruptly, poorly defined ineffective flow areas, or 
incorrectly handled levees or natural high ground spots.  
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Cross Section PlotCross Section Plot

Wide, Horizontal BedsWide, Horizontal Beds
Estimated XS?Estimated XS?
LIDAR, no bathymetry?LIDAR, no bathymetry?
Prone to instabilities Prone to instabilities ––
High Area:Depth ratioHigh Area:Depth ratio

High GroundHigh Ground
Levee OptionLevee Option
Ineffective Flows?Ineffective Flows?

Solutions?Solutions?
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Another typical source of instabilities occurs when the main channel has a wide flat 
bed.  This is usually found when cross sections are approximated or when terrain 
data is used to develop cross sections exclusive of real bathymetric data.  Many 
times reaches are developed in GIS using LIDAR data or other aerial means.  These 
survey methods don’t penetrate water surfaces so the main channel is left with a flat 
horizontal bed equal to the water surface elevation.  For shallow streams in dam 
breach analyses, this is normally okay, since the dam break flood wave is usually 
much greater than the depth of water.  However, wide flat stream beds lend to 
instabilities because at lower flows, the area to depth ratio is very high.  Again this 
presents the same problem of a small increase in depth amounting to a large relative 
increase.  

Additionally, in the cross section plot, high ground that is not appropriately 
accounted for can be detected and fixed to remove sources of instabilities.  High 
ground can be modeled as levees or with ineffective flows to remove the abrupt 
changes in storage and conveyance when the high ground is overtopped.  
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Cross Section PlotCross Section Plot

TransitionsTransitions
If sudden contraction or If sudden contraction or 
expansion occurs over a expansion occurs over a 
short distance, how can short distance, how can 
this be handled?this be handled?
Ineffective Flow AreasIneffective Flow Areas
More Cross SectionsMore Cross Sections

InterpolationInterpolation

The example in this slide shows an abrupt transition from a wide main channel to a 
narrow main channel.  If these cross sections are close enough, the flow man not be 
able to contract so suddenly and the approximate numerical methods may not be 
able to handle this situation.  In this case, ineffective flow areas can be placed in the 
wide cross section to help smooth the transition from wide to narrow.  If these cross 
sections are far enough apart, then perhaps additional interpolated cross sections are 
warranted.  
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Cross Section PlotCross Section Plot

Ineffective Flow AreasIneffective Flow Areas

Levee or Ineffective Levee or Ineffective 
Flow?  Or Neither?Flow?  Or Neither?
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Ineffective flow areas are required up and downstream of bridges and culverts to 
properly define the contraction and expansion zones.  Unsteady flow models, and 
particularly dam breach models, need these zones to be adequately defined.  When 
the bridge is overtopped, the ineffective flow areas will turn off.  This sudden and 
large increase in conveyance can cause model instability.  One solution is to use 
very high Manning’s n values (.2 to 1.0) in the ineffective flow zones, so when they 
turn off the increase in conveyance is not so great.  This is also more physically 
appropriate as the cross sections just upstream and downstream can not flow 
completely freely because of the bridge embankment.

When an isolated high ground area is causing an instability problem, the user must 
decide if this high ground is better modeled with the levee option or with ineffective 
flow.  
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Profile Summary TablesProfile Summary Tables
Sometimes visual clues are not Sometimes visual clues are not 
available.  Tabular output help.available.  Tabular output help.

lateral inflow/outflowlateral inflow/outflow
TributariesTributaries
Interaction with storage areasInteraction with storage areas

Lateral structure flowLateral structure flow
Inline structure flow Inline structure flow 
Flow inconsistencyFlow inconsistency

Main channel to overbanks Main channel to overbanks 

Other internal boundariesOther internal boundaries
GroundwaterGroundwater

Often times the graphical options alone are not adequate to determine the source of 
instability.  Another option is to go to the profile output table and analyze values of 
hydraulic parameters from one cross section to the next or from one profile to the 
next.  Problems that don’t always show up graphically are lateral inflows and 
outflows, groundwater interaction and the effects of lateral structures.  It is 
imperative that the important hydraulic parameters (flow, depth, area, storage) 
change as gradually as possible.  Flow consistency between the overbanks and the 
main channel is also important.
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Detailed Output TablesDetailed Output Tables

Very good for looking Very good for looking 
at details of :at details of :

Inline StructuresInline Structures
Lateral StructuresLateral Structures
Bridges/CulvertsBridges/Culverts
Storage AreasStorage Areas
Pump StationsPump Stations
Cross SectionsCross Sections

Detailed output tables are available for many types of nodes in HEC-RAS, including: cross 
sections, bridges, culverts, inline structures, lateral structures, storage areas, and pump stations.  
These detailed tables can be very helpful in seeing what is going on at that structure for a 
particular time step.
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Turning on Detailed Log Output Turning on Detailed Log Output 
for Debuggingfor Debugging

As shown in the figure above, the section at the bottom half of this editor is used for controlling 
the detailed log output.  Three check boxes are listed.  The first box can be used to turn on an 
echo of the hydrograph input to the model.  This can be used to ensure that the model is 
receiving the correct flow data.  The second check box can be used to turn on an echo of the 
computed hydrographs that will be written to the HEC-DSS.  This is a good option for checking 
what was computed.  However, if the user has selected to have hydrographs computed at many 
locations, this could end up taking a lot of file and disk space.  The third check box is used to 
control the detailed output of results from the unsteady flow simulation.  Selecting this options 
will cause the software to write detailed information on a time step by time step basis.  This 
option is useful when the unsteady flow simulation is going unstable or completely blowing up 
(stopping).  Checking this box turns on the detailed output for every time step.  The user has the 
option to limit this output to a specific time window during the unsteady flow simulation.  
Limiting the log output is accomplished by entering a starting date and time and an ending date 
and time.
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Viewing Detailed Log OutputViewing Detailed Log Output

Viewing Detailed Log Output:  After the user has turned on the detailed log output option, re-
run the unsteady flow simulation.  The user can then view the detailed log output by selecting 
View Computational Log File from the Options menu of the Unsteady flow simulation 
window.  When this option is selected the detailed log output file will be loaded into the default 
text file viewer for your machine (normally the NotePad.exe program, unless you have changed 
this option within HEC-RAS).
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What is found in the detailed What is found in the detailed 
OutputOutput

DSS Data DSS Data –– shows all the data that was read from shows all the data that was read from 
DSS.DSS.
Unsteady Flow Computations Output Unsteady Flow Computations Output –– Detailed Detailed 
unsteady flow calculations:unsteady flow calculations:

Job control parametersJob control parameters
Initial conditions calculationsInitial conditions calculations
Detailed output for each time stepDetailed output for each time step

TABLE Output TABLE Output –– final hydrographs that are final hydrographs that are 
written to DSSwritten to DSS

The detailed log output file will contain the following output:
DSS Output:  Shows all of the hydrograph data that will be used as input to the model, 
including data read from HEC-DSS.
Unsteady Flow Computations Output:  Detailed unsteady flow calculations including:
Job control parameters
Initial conditions calculations
Detailed output for each time step
Table Output:  Final computed hydrographs that are written to HEC-DSS.
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Initial Conditions OutputInitial Conditions Output

The program lists the computed initial conditions from a backwater calculation for each of the 
river/reaches.  They are generally listed in an upstream to downstream order.  However, they are 
computed from downstream to upstream under the assumption of subcritical flow.



L - Common Model Stability Problems for Dam Break Analysis/Brunner 47

47Hydrologic Engineering Center

Example Detailed Time Step Example Detailed Time Step 
Output for cross sectionsOutput for cross sections

One way to find and locate potential stability problems with the solution is to do a search in the 
file for the word “WARNING”.   The user then needs to look at the detailed output closely to 
try and detect both where and why the solution is going bad.  The variables that are printed out 
during the iterations are the following: 
Iter = Iteration Number.
River = River Name of the location with the largest error in stage.
Station = River station with the larges error in the calculated stage.
ELEV = Computed water surface elevation at that river station. 
DZ = The “Numerical Error” in the computed stage at that location.
Storage = Name of the storage area that has the larges error for this iteration.
Zsa = Computed elevation of the storage area.
Dzsa = The “Numerical Error” in the computed storage area elevation.
River = River Name of the location with the largest error in flow.
Station = River station with the largest error in the calculation of flow.
Q = Computed flow
DQ = The “Numerical Error” in the computed flow at the listed river station
Note:  If the program goes to the maximum number of iterations, it will choose the iteration that 
had the minimum amount of error, set that as the solution for the current time step, and then go 
to the next time step.
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Example Detailed Time Step Output Example Detailed Time Step Output 
for cross sections for cross sections -- ContinuedContinued

During the unsteady flow computations, the program will output detailed information for cross 
sections, bridges/culverts, inline weir/spillways, lateral weir/spillways, storage areas, and 
storage area connections.  This information should be reviewed closely when the software is 
having stability problems.  An example of the detailed output for cross sections is shown in the 
Figure above.


